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Stability Values Obtained by Different Rapid
Methods as a Means of Evaluating
Antioxidants for Fats and Oils

R. W. RIEMENSCHNEIDER, F. E. LUDDY, S. F. HERB, and J. TURER
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HE most widely used rapid methods for de-

termining stability of fats and oils are the

active-oxygen (Swift stability test), oxygen-
absorption, and oven incubation methods. These
methods are also being extensively used to determine
the relative effectiveness of antioxidants.

Little is known of the mechanism by which anti-
oxidants inhibit oxidation. It is possible that some
antioxidants cause the formation of produets differ-
ent from those normally formed during oxidative
rancidification. In this case, use of a pre-established
peroxide value or quantity of oxygen absorbed as an
end point of the induction period, as commonly em-
ployved in rapid tests, might be invalid.

Surprisingly few data have been published that
permit a comparison of stability values by different
rapid methods for evaluating antioxidants. King,
Roschen, and Irwin (1) reported results of a col-
laborative study in which the stabilities of four lards
were compared, as determined by the active-oxygen
method, an oxygen-absorption procedure, and several
incubation tests. Two of these lards contained un-
specified antioxidants. The relative order of the
samples with regard to stability determined by the
various methods was about the same, but the stability
values obtained by any one method did not bear a
constant relationship to those obtained by any of the
other methods. Recently, interest has been stimulated
by the finding (2) that certain compounds added to
lard may show marked antioxidant activity by the
active-oxygen method but pro-oxidant activity by the
oxygen-absorption method in which the Barcroft-
Warburg apparatus is used and also, that the stabil-
ity by the latter method agrees more closely with the
stability obtained by an ‘‘accelerated’” storage test.

In an investigation on the improvement of lard,
particularly in respeect to increasing its resistance to
oxidative rancidity by the addition of antioxidants,
we have obtained a large number of stability values,
which permit a comparison between the active-oxygen
and oxygen-absorption methods and oven tests. In
some instances, the effects of dry air, dry oxygen. and
moist air on the stability values by the-active-oxygen
method were also investigated.

In general, the protection factors, calculated from
stability values obtained by the various methods,
show fair agreement. In a few instances, however,
the lack of agreement in the protection factors is too
great to be attributed to normal errors and may be
an indication that certain antioxidants influence the
course as well as the rate of oxidation. Little signifi-
cant difference in stability values was obtained by

1 One of the laboratories of the Bureau of Agricultural and Indus-
trial Chemistry, Agricultural Research Administration, United States
Department of Agriculture.

using dry air instead of moist air in the active-oxygen
method.

Experimental

Methods of Determining Stability. Stability val-
ues by the active-oxygen method (A.0.M.) were
determined by a modified procedure described pre-
viously (3). In some experiments dry air or dry
oxygen was employed instead of moist air. Dry air
was obtained by passing washed air (as obtained in
the usual proecedure) through two efficient dry-ice
traps, a column of Drierite, and finally a column of
Dehydrite. Dry oxygen was obtained by subjecting
tank oxygen to the same washing and drying treat-
ment. The average moisture content of the moist air
and dry air was 19.5 and 0.20 mgs. per liter, respec-
tively. A peroxide value equivalent to 30 milli-equiv-
alents per kilogram of sample was taken as the end
point of the induction period. This value has been
found to agree more closely with organoleptic tests
than the conventional value of 20 milli-equivalents,
particularly when antioxidants are used.

Most of the oxygen-absorption measurements were
obtained with the Bareroft-Warburg (B-W) appara-
tus, flasks, technique, and general procedure described
by Johnston and Frey (4). In a few instances oxy-
gen-absorption values also were obtained by a macro
method (Table 4). For the (B-W) oxygen-absorption
measurement, 0.43 g. of fat was placed in the inner
cup (2.14 em. inside diameter) of a special flask (Eck
& Krebs Catalogue No. 210) fitted to Warburg ma-
nometers containing Brodie solution. Cylinder oxygen
was used. The flasks were immersed in a glyeerol bath
maintained at 100° C. but were not shaken during the
period of oxygen absorption. The end point of the
induction period was recorded as the time required
for absorption of oxygen equivalent to 1 g. per Kkilo-
gram of sample.

Maero oxygen-absorption measurements were made
by a method similar to that described by French,
Oleott, and Mattill (5) except that a different type
of flask was used and the samples were shaken during
the period of oxygen absorption. Jacketed flasks of
250-ce. capacity (Corning Catalogue No. 4510) were
used, and heat was supplied by passing steam through
the jacket. The flow of steam was controlled to main-
tain the temperature of the sample at 100°. The end
point of the induction was taken as the time required
for a 20-g. sample to absorb oxygen equivalent to 1 g.
per kilogram.

The oven-stability values were determined by a
procedure described in a previous publication (6). A
peroxide value equivalent to 30 milli-equivalents per
kilogram of sample was considered as the end -point
of the induction period.



The ratio of the stability of the stabilized sample
to that of the control was taken as the protection
factor.

With the exception of catechol, nordihydroguaia-
retic acid (NDGA), and citric acid, the antioxidants
were added directly to the substrate fats, solution
being aided in some instances by warming and shak-
ing the mixture in vacuo. Catechol, NDGA, and citric
acid were added as aleohol solutions. The alcohol was
removed by heating the mixture in a deodorizer (7)
at 60° under reduced pressure. After the pressure
became constant at 1.5 to 2 mm., heating was con-
tinued for 19 minutes. An exception to the above
was made in the NDGA experiments shown in Table
2, in which a 1.5-percent solution of NDGA in lard
was added in amounts required to give the desired
concentration of antioxidant. This solution was made
by heating the lard containing the NDGA at about
125° C., with stirring, for about 15 minutes.

Results and Discussion

ESULTS of one series of tests, in which stability
values were determined only by the active-oxygen
and oxygen-absorption methods (B-W), are given in
Table 1.
TABLE 1.

Stability Values Obtained by the Active-Oxygen Method (Moist Air) and
by the Oxygen Absorption Method (Barcroft-Warburg Apparatus).

Stability Protection factor
Antioxidants added (x:\)oils% O.-Abs. ’},,?oiﬁf 0Q.-Abs.
air) (B'W,) air) (B-W)
98.5° 100 93.5° 100°
percent ’ howrs kours
Steam-rendered lard-A (control)...| - 6.3 2.8 1 1
+.005 NDGAL . .iviereeriancsenann 27 8.3 4.3 3.0
+.005 NDGA+.005 d-1p2 67 26.2 10.6 9.4
+.005 NDGA+-.005 citric acid. 53 23.7 8.4 8.5
1701 163 4.02 d-1P.cuceercsuseenaness 13 3.8 2.1 1.4
+.01 toc*+.01 lec +.02 d-1P...... 40 14.4 6.3 5.1
Oleo-oil (control).. 6 2.7 1 1
+.005 NDGA.... 43 15.0 7.2 5.6
+.005 NDGA +.005 d-IP. 150 37.2 25.0 13.8

1 Nordihydroguaiaretic acid.
2'd-Isoascorbyl palmitate.

3 Commercial soya lecithin.
+ a-Tocopherol.

Results by the two methods, as indicated by the
protection factors, are in general agreement. The
protection factors obtained by the oxygen-absorption
method, however, were lower than those by the active

oxygen method ; the value for oleo-oil containing both
NDGA and d-isoascorbyl palmitate was markedly low.
The reason for such a large discrepancy in this in-
stance has not been determined.

The samples for the series of experiments summa-
rized in Table 2 were prepared in pilot-plant equip-
ment. Unavoidable difficulties and delays during the
preparation of the series related to control lard-B
resulted in products of unusually low stability. Nev-
ertheless, the results were considered of sufficient in-
terest to be presented as a contrast to those obtained
on samples prepared from controls of higher stability.
Stability values determined by an oven test (6) are
given in Table 2 in addition to those by the active-
oxygen and oxygen-absorption methods. .

The differences in the protection factors reported
in Table 2 might reasonably be expected since an
error of even 0.1 unit in a control having such low
stability obviously would produce enormous differ-
ences in the protection factors. For that reason, no
particular significance can be attached to them other
than that they give a rough indication of agreement
between the methods. Comparison of the protection
factors of the stabilized samples from a eontrol hav-
ing low stability with those from controls of greater
stability (Tables 1, 2, and 3) shows clearly the fal-
lacy of indiscriminate use of these factors as a
means of comparing antioxidants. Comparisons -of
the effectiveness of antioxidants by means of pro-
tection factors may be valid only if the same sub-
strate is used. Synergism was much more pronounced
with lard of low stability (Table 2) than in the series
in Table 3 with lard of good stability.

The stability values in Table 3 were determined
by the active-oxygen and oxygen-absorption (B-W?
methods; dry air as well as moist air was employed
in the active-oxygen method. The stabilized samples
were prepared in the laboratory from lard of good
stability. The protection factors show fair agree-
ment in most cases. In a few instances, however, the
differences are significant and are not attributed to
lack of reproducibility of the stability values. The
variation in reproducibility of each method was
about 5%. The preparations containing benzylhydro-
quinone gave significantly lower protection factors by
the oxygen-absorption method; those containing cate-
chol gave significantly higher factors. The differences

TABLE 2.

Stability Values Obtained by the Active-Oxygen (Moist Air), Oxygen-Absorption (Barcroft-Warburg
. Apparatus), and Oven-Incubation Methods on Samples Prepared in Pilot Plant.

Stability ‘ Protection factors
Antioxidants added A.O0.M. 0,-Abs. Oven A.0.M. O2-Abs. Oven
(moist air) (B-W) test (moist air) (B-W) test
98.5° 100° 98.5° 100° 63°
percent hours hours
Steam-rendered lard-B (control) 0.4 0.2 1 1
+ 10.0 hyd. soy oil 5 2.5 12.5 12.5 13) 3
+ 10.0 hyd. 5oy oil +.01 lec?4.01 d-1P%ucucuiiinriniiiaianannane] 29 13.5 73 68 60
+.01 toc*+4-.01 lec +.01 d-1P 25 12.2 63 61 50
4005 NDGAS...oceomrimecmsenmnssezareans 2 14 5.0 7.0 5.3
+.005 NDGA +.005 citric acid 36 17.2 90 86 100
+4-.005 NDGA 4-.005 d-1P 44 16.1 110 81 140
+4.005 NDGA +.01 lec 12.5 6.7 31 34 33
+.01 NDGA : 7.5 5.0 19 25 22
Drip-rendered lard (control) 4.5 1.3 1 e
+.01 NDGA 65 21 144 - 161 ' .

1 Soy oil hydrogenated to an iodine number of 60.0 was added, and the mixture was deodorized.

2 Commercial soya lecithin.
3 d-Isoascorbyl palmitate.

+ A mixture of tocopherols was added as a concentrate (34% in vegetable oil).

5 Nordihydroguaiaretic acid.



TABLE 3.

Stability Values and Protection Factors of Stabilized Lard Obtained by the Active-Oxygen Method With
Moist and With Dry Air and by the Oxygen-Absorption Method (Barcroft-Warburg Apparatus).

Stability Protection factors
Antioxidants added A-O.M. (()rl%g!;- A.0-M. (()gl%sl)

i i i B- moist air dry air N

(mggtselr) (d;g'.g:r) 100° ( 8;50 ) ( 9%"5‘, ) 100°
percent hours hours hours

Steam-rendered lard-O (control) 7 6 3.0 1 1 1
+-.01 a-tocopherol : 20 19 8.6 2.9 3.2 2.9
+-.01 B-tocopherol 24 21 11.0 3.4 3.5 3.7
+-.01 4-tocopherol 28 30 14.5 4.0 5.0 4.8
-+ 6.41 refined corn oil 20 20 12.3 2.9 3.3 4.1
+4-.01 a-tocopherol +.01 citric acid 21 21 11.0 3.0 3.5 3.7
+-.005 benzylhydroquinone. 43 44 11.0 6.1 7.3 3.7
+4.005 benzylhydroquinone .01 citric acid....cccoaveericonaccnnssl 50 50 14.1 7.1 8.3 4.7
+.005 propyl gallate 40 42 20.1 5.9 7.0 6.7
+.005 pronyl gallate +.01 citric acid : 50 50 24.8 7.1 8.3 8.3
+.005 NDGA? 58 50 26.9 8.3 8.3 9.0
+.005 NDGA +.01 citric acid 67 62 32.8 9.6 10.3 10.9
+.01 catechol 44 43 28.9 6.3 7.2 9.6
+.01 catechol +.01 citric acid . 48 48 43.2 6.9 8.0 14.4

1 Kquivalent to .019 tocopherol.
2 Nordihydroguaiaretic acid.

between the stability values or protection factors ob-
tained by the active-oxygen method using moist air
as compared with those obtained when dry air was
used may be of little significance from a practical
viewpoint.

The order of increasing effectiveness of the toco-
pherols 2 as antioxidants was «, 8, y, although the
relative differences between them was much less than
that reported by Oleott and Emerson (8), who found
that at 75° the B8 and y were about 2 and 3 times,
respectively, as effective as a.

The samples represented in Table 4, with the ex-
ception of those containing NDGA, were prepared in
pilot-plant equipment. As in the preceding tables,
the protection factors indicate a general but not
close agreement between the various methods. In
this series of tests (Table 4), the use of dry air in
the active-oxygen method gave lower stability values
than did the use of moist air. Differences due to
dry air were most significant for preparations eon-
taining tocopherol, lecithin, and d-isoascorbyl palmi-
tate. When dry oxygen was employed, the stability
values were somewhat comparable with those ob-
tained by the oxygen-absorption methods. In this
series, owing to the relatively low stability of the

2 Contributed by Merck & Co., Inc.

control, protection factors by the different methods
are exaggerated and may be subject to greater error.

Summary

COMPARISON was made of stability values

and protection factors as determined by three
widely used rapid methods—the active-oxygen, oxy-
gen-absorption, and the oven-test methods. In most
instances there was fair agreement between the re-
sults by the active-oxygen and oxygen-absorption
methods, as indicated by protection factors. In gen-
eral, use of dry air instead of moist air in the active-
oxygen method resulted in little significant difference
in the stability values although in some preparations,
differences were found that may be significant. Use
of dry oxygen in the active-oxygen method gave re-
sults comparable with those obtained by the oxygen-
absorption method. In experiments in which an oven
test was also used, the protection factors in most
cases were in general agreement with those obtained
by the other two methods.

The synergistic antioxidant effect of acidic com-
pounds with phenolic antioxidants was most pro-
nounced when lard of low stability was used. Like-
wise, the protection factors were disproportionately
greater when antioxidants were added to lard of low
stability than when added to lard of good stability.
The results indicate that comparison of antioxidants

TABLE 4.
Stability Values and Protection Factors of Stabilized Lard Obtained by Various Rapid Stability Tests.
Stability Protection factors
A.O.M A.O.M.

Antioxidants added Os-Abs. | Oz-Abs. Oven 0O2-Abs. | O2-Abs. Oven
(moist (dry (dry (macro) | (B-W) test (moist (dry (dry (macro) | (B-W) test

air) air) 02) 100° 100° 63° air) . air) 02) 100° 100° 63°

. 98.5° 98.5° 98.5° 98.5° 98.5° 98.5°
percent hours hours hours hours hours days

Steam-rendered lard-D (control). 2 1.8 1.5 1 1.2 1.5 1 1 1 1
+.01 toc'+4.04 lec?+4.04 d-1P3.. 30 24 15 15 14 16 15 13 10 15 12 11
4.02 NDGA*.oorrrnriiciiiienes 37 33 34 22 49 19 18 23 22 veee 33
Steam-rendered lard-ES(control). 5.5 5.5 4 3.3 2.8 4 1 1 1 1 1 1
+-.01 toc +.04 lec +4.04 d-1P%..| 68 53 23 23 19 33 12 10 6 7 7 8
+-.01 toc +.04 lec +.04 4-1P%. 84 66 30 - 29 28 44 15 12 8 9 10 11
+.02 NDGA...ouuniiniiennnnraanenn 64 57 45 41 51 12 10 11 12 e 13

1 A mixture of tocopherols was added as a concentrate (34% in vegetable oil).

2 Commercial soya lecithin.
3 d-Isoascorbyl palmitate.
¢ Nordihydroguaiaretic acid.

5The same lard as (D) except that about 129 of hardened lard had been added and then deodorized.
s After the addition of tocopherol, the lard was deodorized; then lecithin and d-isoascorbyl palmitate were added.
7 The tocopherol, lecithin, and d-isoascorbyl palmitate were added after the lard was deodorized.



by means of protectlon factors is valid only when the
same substrate is used.. Protection factors so obtained
help to evaluate-the order of effectiveness of various
antioxidants but do not yield a strict quantitative
comparison of the protective power of the antioxi-
dants when applied to other substrates.
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